周波数フィルタを用いたX線画像の空間周波数解析法 by 北山 彰 et al.
川崎医療短期大学紀要 20号： 69-74 2000 69 
周波数フィルタを用いた X線画像の空間周波数解析法
北山 彰＼ 板谷道信＼ 荒 尾 信 ーl
天野貴司＼林 明 子 ＼ 山 下 一 也l
友光達志汽曽根照喜尺福永仁夫3
Space Frequency Analysis of a X-ray Image Using Frequency Filter 
Akira KITAYAMA1, Michinobu ITAYA1, Shinichi ARA01, 
Takashi AMAN01, Akiko HAY ASHI1, Kazuya YAMASHITA 1, 



























'Department of Radiological Technology, Kawasaki College of 
Allied Health Professions 
'Department of Radiology, Kawasaki Medical School Hospital 
'Department of Nuclear Medicine, Kawasaki Medical School 
フィルタの適用に使用される．そして，元のX線画像
の空間周波数成分を代表する値としては，従来からパ
ワースペク トルの 1次モーメン トが しばしば使用 され
























された 6例を含む女性14例と男性 2例の計16例 （年齢
24-61歳：平均49.4土 10.7歳，踵骨骨密度値
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Fig. 1 Flow chart of the spatial frequency analysis of a x-ray 
image. 
FFT : fast Fourier transform 
NMSE : normalized mean square error 
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Fig. 2 Calculation of NMSE (normalized mean square error) 
換によって処理後画像を作成，原画像と処理後画像と
の違いを Fig.2に示す NMSE(normalized mean 
square error)叫こよって数値化した．そして最後に，
フィルタ処理の閾値に対する NMSEをグラフにプロ




Image (Ver. 1. 61)を，NMSEの計算， グラフの作























[ 1.0 cycle/mm ] 
[ 2.0 cycles/mm ] 
周波数フィルタを用いたX線画像の空間周波数解析法 71 
[ 3.0 cycles/mm ] 



















Fig. 3 Images obtained by a x-ray test-chart for measuring 
resolution and those power spectra. The maximum spa-
次に Fig.6と Fig.7に閾値フィルタ法を踵骨側面
X線画像に適用した 1例を示す．Fig.6は踵骨画像に
写し 出された骨梁像に lowpassおよび highpassフ
ィルタ処理をフィルタ処理の閾値を変化させながら適
tial frequency of the power spectra is 5 cycles/mm. 用したときのパワースペクトルと処理後画像である．
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Fig. 5 Relationship between the cutoff frequency levels and 
the NMSE using a x-ray test-chart that spatial fre-
quency was 2 cycles/mm. Low-pass filter processing 
(dotted line), high-pass filter processing (solid line). 
Spatial frequency component of the x-ray test-chart 
image was 2. 018 cycles/mm estimated from an intersec-
tion point of the two lines. 
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Table 1 Comparison of spatial frequency, as estimated by new 
method with x-ray test-chart images using spatial 
frequency filter processing, and first moments of the 
horizontal axis calculated from those power spectra. 
Spatial frequency (cycles/mm) 
Test-chart New method First moment 
1.0 1.036 2.441 
2.0 2.018 2.478 
3.0 2.997 2.529 
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Fig. 6 Calcaneal trabecular images and those power spectra 
after low-pass and high-pass filter processing at various 



































[ 0.4 cycle/mm] [ 1.2 cycles/mm ] 
[ 0.6 cycle/mm] [ 1.4 cycles/mm ] 
[ 0.8 cycle/mm J [ 1.6 cycles/mm J 
x
 
-x- Low pass 








0 0.5 1.0 1.5 2.0 
Cutoff frequency (cycles/mm) 
Fig. 7 Relationship between the cutoff frequency levels and 
the NMSE using a calcaneal trabecular image. Low-pass 
filter processing (dotted line), high-pass filter process-
ing (solid line). Spatial frequency component of the 
calcaneal trabecular image was O. 869 cycle/mm esti-
mated from an intersection point of the two lines. 
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r = 0.678 
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r = -0.368 








゜0.7 0.8 0.9 1.0 1.1 1.2 
Spatial frequency (cycles/mm) 
゜2.82 2.84 2.86 2.88 2.90 
First moment (cycles/mm) 
Fig. 8 Relationship between the spatial frequency of calcaneal Fig. 9 Relationship between the first moments calculated 
trabecular images estimated by new method and the 
bone mass indices obtained by bone mineral analyzer. 
Normal subject (0), osteoporotic patient (X). 
from power spectra of calcaneal trabecular images and 
the bone mass indices obtained by bone mineral anal-
























































cycle/mm (n = 16)であった．
(4) 閾値フィルタ法から求められた踵骨骨梁像の空間
周波数成分値と骨量測定装置で取得した踵骨骨密度
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